INTRODUCTION
The induction of mouse mammary tumour virus (MMTV) RNA has been extensively studied in cell lines (Varmus, Ringold & Yamamoto, 1979; Ponta, Günzburg, Salmons et al. 1985) and in normal mammary epithelium (Muñoz & Bolander, 1989) . Studies on post-transcriptional control, however, have been more limited and have generally been restricted to cell lines. Many of these investigations have suggested that significant differences exist between RNA accumulation and protein expression. For example, Arya (1980) reported that, in a mammary tumour cell line, phorbol esters stimu¬ lated reverse transcriptase activity 15-to 20-fold but MMTV RNA only five-to sevenfold and Rabindran, Danielsen, Firestone & Stallcup (1987) dem¬ onstrated that dexamethasone induced MMTV peptides 100-fold in a lymphoid cell line, while MMTV RNA induction was only fourfold. The reverse phenomenon has also been reported: C57BL mice have a low incidence of mammary tumours, although MMTV RNA accumulated, co-sedimented with polysomes and was fully translatable in an in-vitro system (Vaidya, Taraschi, Tancin & Long, 1983) . Nonetheless, no MMTV peptides were found in vivo, suggesting that a block existed at the level of protein synthesis. This laboratory has recently reported detailed studies on the hormonal regulation of MMTV RNA in normal mouse mammary epithelium in culture (Muñoz & Bolander, 1989) , and the purpose of this investigation was to develop and use a radioimmunoassay (RIA) Organ culture Mice were killed by cervical dislocation and expiants prepared under sterile conditions from the fourth pair of glands, as described previously (Juergens, Stockdale, Topper & Elias, 1965) . Explants were cultured on siliconized lens paper in Medium 199 containing 20 mM Hepes (pH 7-6), insulin (1 ug/ml), cortisol (1 (ig/ml), prolactin (1 ug/ml) and T3 (65 pg/ml) unless otherwise noted. The tissue was incubated under air at 30°C , and the medium was changed daily.
Glycoprotein 58
Milk was obtained from lactating mice (MMTV + ), 1-2 weeks post partum, as described previously (Bolander & Topper, 1980) . The MMTV was purified from the milk by the method of Ritzi, Baldi & Spiegelman (1976) (Bolander & Fellows, 1975) 25 (il goat antirabbit IgG were added to each tube, and the tubes again shaken and incubated overnight. On day 3, the reaction mixture was diluted with 0-4 ml PBS with 1% Triton X-100, layered onto 1 ml PBS with 1 m sucrose and centrifuged at 4000 £ for 15 min at 4°C. The supernatant was removed, the pellet washed with 0-5 ml PBS plus 1% Triton X-100, and the tubes were recentrifuged. After a second wash, the tubes were counted in a Packard Multi-PRIAS gamma counter.
Miscellaneous assays MMTV RNA was assayed by dot blot, as described previously (Muñoz & Bolander, 1989) . Briefly, RNA was extracted from an epithelial-enriched fraction of the expiants, spotted on nitrocellulose filters and hybridized to a 32P-labelled pMTV-1 probe. The results were quantified by densitometry of the autoradiograms, which contained internal standards.
The DNA content of mammary tissue was measured in an epithelial cell-enriched fraction obtained by collagenase digestion (Vonderhaar, Owens & Topper, 1973) and was determined by the method of Burton (1956) 
RESULTS
The sensitivity of the RIA was about 0-5 ng gp58/sample (Fig. 1) . Furthermore, serial dilutions of other MMTV viral strains (Fig. 1) (Muñoz & Bolander, 1989) . Finally, most of the viral protein remained within the expiants; the medium contained only 6-7 + 0-8% of the total gp58 in the cultures.
The expression of gp58 during pregnancy, lacta¬ tion and involution (Fig. 2) paralleled that pre¬ viously observed with MMTV RNA (Muñoz & Bolander, 1989 (Muñoz & Bolander, 1989) suggested that the peaks were genuine. In order to determine the optimal time to culture mammary gland expiants for gp58 induction, an invitro time-course study was performed in the presence of insulin, cortisol and prolactin (Fig. 3) began to slow down after 3 days. Therefore, all other cultures were incubated for 3 days before assay.
In order to determine the hormonal requirements for gp58 induction, dose-response curves for several hormones were generated. Previous studies in this system had demonstrated that MMTV RNA ac¬ cumulation required insulin and either cortisol or progesterone (Bradham & Bolander, 1989; Muñoz & Bolander, 1989) ; therefore, cultures used to con¬ struct dose-response curves for insulin always contained a constant amount of cortisol and those for prolactin contained both insulin and cortisol. The latter cultures also contained T3 in order to maximize tissue sensitivity towards prolactin (Vonderhaar, 1977) . Both the curves for insulin and prolactin induction of gp58 (Figs 4 and 5) were nearly identical to those for MMTV RNA induction (Muñoz & Bolander, 1989) , including the slight decrease at the highest concentrations tested. These results suggested that RNA accumulation was the limiting factor in these cultures.
The steroids, however, demonstrated a different profile. Low concentrations of progesterone were very effective in inducing MMTV RNA (Fig. 6 ) but only slightly stimulated gp58 expression (0-90±0-10 ng RNA/10 mg tissue cultured in insulin and progesterone vs 0-54 + 0-06 ng/10 mg cultured in insulin alone). The induction of gp58 by cortisol required very high concentrations (Fig. 7) ; but this effect may not be truly reflective of cortisol action, since this steroid does not stimulate MMTV RNA accumulation below 0-5 Hg/ml (Fig. 6) . Therefore, cortisol was retested in the presence of progesterone, which induces MMTV RNA without markedly stimulating gp58 levels. Under these conditions, the 10 100
Insulin (ng/ml) (Dickson & Peters, 1983) . It is a membrane protein involved with the recognition of receptors on mammary epithelial cells; such recogni¬ tion is critical for infectivity (Bradham & Bolander, 1989; Muñoz & Bolander, 1989 (Chomczynski, Qasba & Topper, 1984) and prolac¬ tin (Nagaiah, Bolander, Nicholas et al. 1981) stimulate casein mRNA accumulation; in the case of prolactin, this effect appears to be due to an increase in both transcription and mRNA stability (Guyette, Matusik & Rosen, 1979) . Progesterone also affects transcription, although this effect may either be positive (Cato, Miksicek, Schütz et al. 1986) or negative (Rosen, O'Neal, McHugh & Comstock, 1978) , depending upon the gene. The failure of progesterone-treated expiants to express gp58 may suggest a block at translation; such a block has been demonstrated in rabbit mammary explants (Teyssot & Houdebine, 1981) and can be reversed by cortisol (Terada, Wakimoto & Oka, 1988) .
On the other hand, cortisol appears to be important at a more distal site; although at physio¬ logical levels it is a poor inducer of RNA, it greatly facilitates the expression of gp58 from RNA induced by progesterone (Fig. 7) . Glucocorticoids are known to act at several levels beyond RNA accumulation; for example, they stimulate the nucleo-cytoplasmic transport of a2(i-globulin mRNA in rat liver (Ful¬ ton, Birnie & Knowler, 1985) . They are also important in the development of the rough endoplasmic reticulum in the mouse mammary gland (Oka & Topper, 1971) and stimulate the posttranslational modification of MMTV peptides (Firestone, Payvar & Yamamoto, 1982) .
